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0 Well perforation and completion. 

0 The casing (14) of a well is perforated using a 
perforating gun (36) suspended offset from a pro- 
duction string (18), the gun being actuated by a 
wireline kickover tool contacting a detonator housed 
in a side pocket. The perforation is preferably effec- 
ted with the well bore in underbalance. 




FIG. I 
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This invention relates generally to a method 
and apparatus for well perforation and completion. 

Oil and gas wells are completed with a string 
of tubular steel casing which is cemented in place. 
When properly placed and cemented in the well 
bore, the casing protects freshwater reservoirs from 
contamination, supports unconsolidated rock forma- 
tions, maintains natural separation of formations, 
aids in the prevention of blowouts and waste of 
reservoir energy, and acts as a conduit for receiv- 
ing production tubing through which formation 
fluids are brought to the surface. 

In some wells, the well casing intersects mul- 
tiple producing formations which are confined verti- 
cally between multiple layers of underburden and 
overburden, typically of impervious siltstone or oth- 
er barren rock. Consequently, each producing for- 
mation must be produced separately. To make this 
possible, the well casing must be perforated at 
separate locations which coincide with the discrete 
producing zones. Additionally, the different produc- 
ing zones must be isolated with respect to each 
other by packers installed within the casing bore 
below and above each producing zone. 

Gun perforation is a method for providing a 
well bore - reservoir connection by forming holes 
through the casing and into the surrounding forma- 
tion. Two conventional perforating methods are bul- 
let perforating and jet perforating. In both methods, 
the gun is fitted with barrels which contain the 
perforating apparatus. Each barrel is wired for firing 
by remote control from the surface. The gun is run 
into the well bore on a wire line from a service 
truck. The wire line lowers and raises the gun in 
and out of the hole, and when the gun is in position 
to be fired, the operator sends an electric impulse 
down the wire line to trigger detonation. The bullet 
or perforating jet punches a hole through the steel 
casing, the cement sheath, and several inches (one 
inch is 2.54 cm) into the surrounding reservoir, thus 
creating a flow passage from the reservoir into the 
well bore. Guns of the bullet type are retrievable 
and are reloaded at the surface. Many jet type 
guns are expendable and disintegrate upon detona- 
tion, although some types are retrieved and either 
reloaded or discarded. 

After the perforations have been formed, well 
completion continues with the installation of pro- 
duction tubing, isolation packers, a safety valve, 
and circulation tools such as sliding side door 
circulation valves for gas wells, and screens for oil 
wells. 

After the casing has been embedded within the 
formation and the well has been logged to deter- 
mine the location of one or more producing forma- 
tions, a perforating gun is suspended from a flexi- 
ble wire line support cable which is played out 
from a reel and is supported above the well bore 



by a rotary sheave. The reel is mounted on a 
service truck which is equipped with a power hoist 
for controlling the rate at which the perforating gun 
is lowered and retracted through the casing bore. 

5 When the perforating gun reaches the appropriate 
depth, an electrical firing signal is conducted to the 
firing mechanism of the perforating gun by elec- 
trical conductors within the support cable. The per- 
forating gun is retrieved to the surface and is 

w reloaded and reinserted into the well bore until the 
well casing has been perforated in each zone. A 
conventional hoist and electrical detonator is most 
commonly used in shallow wells because of the 
limited length of cable which can be carried on a 

15 service truck or service barge. 

For deep wells, detonation is obtained by pres- 
surizing the well bore with a non-combustible gas 
such as nitrogen. One or more perforating guns are 
run in on a tubing string together with a permanent 

20 packer which is set and sealed against the well 
bore above the lowermost producing formation. 
Thereafter, additional production tubing strings and 
packers are run into the well for each producing 
zone. Each section of production tubing includes a 

25 circulation device and one or more perforation guns 
which are mechanically supported from the produc- 
tion tubing string by a Y block. The well bore 
above and below each producing zone is sealed by 
a retrievable packer. Each perforation gun includes 

30 a pressure sensitive detonator. According to con- 
ventional practice, a foam mixture of nitrogen, sur- 
factant and water is injected into the production 
tubing at a flow rate of from 4,000 - 90,000 cubic 
feet (112-2520m 3 ) per hour and at a discharge 

35 pressure of 10,000 psi (68.9 MPa). Injection of the 
nitrogen foam mixture is continued until the pres- 
sure within the tubing string and well bore rises to 
a pressure level which is sufficient to actuate the 
pressure sensitive detonator, for example, 4,000 - 

40 5,000 psi (27.6-34.5 MPa). 

The foregoing pressure detonation arrange- 
ment represents a considerable improvement over 
the hoist/cable suspended perforation gun system 
inasmuch as reliable detonation can be obtained at 

45 great depths without the need for an electrical 
cable. Moreover, since the production tubing is in 
place when the perforations are made, there is no 
need to kill the well to accommodate trips for 
retrieval of the perforation gun and insertion of 

50 production tubing, circulation tools and packers, 
which would be required in the use of the 
hoist/cable supported perforating gun. Moreover, 
experience has shown that killing a zone may have 
an adverse affect on production, and that a produc- 

55 ing zone which has been killed to accommodate a 
service operation exhibits substantially reduced 
production after underbalanced well bore condi- 
tions are restored. 
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An improvement to the use of nitrogen injection 
and pressurization for initiating detonation is to use 
a time delay firing head. That is, upon reaching the 
detonation pressure level, a time delay fuse is 
ignited and detonation occurs after the elapse of a 
predetermined interval, for example, 2£ - 3 min- 
utes. During the time delay interval, the well bore 
and production tubing are vented, thereby substan- 
tially reducing the well bore pressure and 
reestablishing an underbalanced pressure condition 
within the well bore prior to detonation. 

An underbalanced pressure condition within the 
well bore is desirable so that a high surge pressure 
differential will be exerted by the surrounding for- 
mation and will clear the perforation tunnels. Upon 
detonation, shaped charges within the gun explode 
and produce a high temperature, high pressure 
plasma jets which penetrate the well casing and 
the surrounding formation. The jet streams punch 
holes through the well casing and penetrate into 
the surrounding formation. As a jet stream pene- 
trates the surrounding formation, it compacts the 
formation, thereby producing a sealed cone which 
blocks the newly formed casing perforation. When 
perforating is conducted in an overbalanced well 
bore condition, then fluids, mud and debris from 
the well bore will be forced outwardly into the 
formation perforation tunnel and may immediately 
plug the casing perforation. Experience has shown 
that as many as 80 percent of the well casing 
perforations may become plugged by grains of 
sand, mud, cement cake, pipe dope, and the like 
which are often abundant in the well at that stage 
of completion. 

Accordingly, it is desirable to perforate the well 
bore in an underbalanced pressure condition rela- 
tive to the surrounding formation. Preferably, the 
nitrogen should be vented from the well bore to 
produce a pressure differential of at least 5,000 psi 
(34.5 MPa) or more. With such a high pressure 
differential, the pressure surge from the surround- 
ing formation will break up the compacted cone 
and sweep it back into the well bore where it will 
be flowed to the surface. As the compacted cone 
fragments are swept away, the casing perforations 
are cleaned and cleared for maximum inflow. More- 
over, mud and debris will also be swept away from 
the perforation openings and flowed to the surface. 

Some of the limitations on using nitrogen injec- 
tion for obtaining pressure detonation of a perforat- 
ing gun are the expense of the nitrogen mixture 
and the length of time required to produce the 
detonation pressure at depths of 10,000 feet 
(3050m) or more. Moreover, nitrogen pressurization 
service may not be available at a particular loca- 
tion, for example, offshore and in countries which 
do not produce nitrogen for commercial use. 



We have now devised a method and apparatus 
for well perforation which have a number of advan- 
tages over the prior art for example, the perforating 
system of the present invention can be used at 

5 great depths, and which does not require well bore 
pressurization to obtain detonation. Further, it is run 
in with production tubing during initial well comple- 
tion. Furthermore, it can have a detonator head 
which is actuated mechanically. 

w In one aspect, the invention provides apparatus 

for perforating a well casing using a production 
tubing string suspended in the well, the apparatus 
comprising an elongate tubular body having a side 
pocket mandrel adapted for attachment to the pro- 

75 duction tubing string, said body having a produc- 
tion bore adapted for alignment with the bore of the 
production tubing string and having an offset, inter- 
nal receptacle bore for receiving a perforator gun 
detonator; and a perforator tool including a gun 

20 mandrel attached to the lower end of said side 
pocket mandrel and having a detonator disposed 
within the offset receptacle bore, said detonator 
being adapted for actuation in response to striking 
engagement by a kickover tool inserted into said 

25 offset receptacle. 

The invention also provides apparatus for com- 
pleting a well of the type having a tubular well 
casing extending through an earth formation, the 
apparatus comprising a production tubing string 

30 adapted for insertion through the bore of the well 
casing; a flow circulation tool having a production 
bore connected in alignment with the bore of the 
production tubing string; a side pocket mandrel 
having a mandrel body connected to the produc- 

35 tion tubing string, said side pocket mandrel body 
including a longitudinal production bore disposed in 
alignment with the bore of the production tubing 
string, and by a receptacle bore extending along- 
side the production bore, said side pocket mandrel 

40 body having an offset sidewall forming a belly 
chamber above the receptacle bore for receiving a 
kickover tool and guiding the kickover tool for in- 
sertion into the receptacle bore; a perforator tool 
including a gun mandrel attached to the lower end 

45 of the side pocket mandrel body and having deto- 
nator means disposed within the side pocket re- 
ceptacle bore, said detonator means being adapted 
for actuation in response to striking engagement by 
a kickover tool; and a packer having a production 

50 bore connected in alignment with the bore of the 
production tubing string, said packer being adapted 
for sealing the annulus between the production 
tubing and the well casing at a location intermedi- 
ate the flow circulation tool and the surface. 

55 The invention further provides a method of 

perforating a well casing in a well using a produc- 
tion tubing string having a longitudinal flow pas- 
sage extending therethrough, which method com- 
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prises including a side pocket mandrel of the type 
having a longitudinal production bore and recepta- 
cle bore offset to the production tubing string, with 
the production bore of the side pocket mandrel, 
being aligned with the bore of the production tub- 
ing string; suspending a perforator tool of the type 
including a gun mandrel and detonator from the 
lower end of the side pocket mandrel, with the 
detonator being disposed within the offset recepta- 
cle bore; and running a kickover tool through the 
production tubing and guiding it for insertion into 
the offset receptacle bore; and striking the detona- 
tor with the kickover tool. 

The invention also includes a method of com- 
pleting a well of the type having a tubular well 
casing extending from the surface to a subsurface 
producing formation, comprising the steps of run- 
ning a production tubing string within the bore of 
the well casing; the tubing string including a flow 
circulation tool in alignment with the bore of the 
production tubing string, and a side pocket mandrel 
having a longitudinal production bore thereof 
aligned with the bore of the production tubing; the 
production tubing also including a gun mandrel of a 
perforator tool attached to the lower end of the side 
pocket mandrel with a detonator being received 
within the side pocket receptacle bore; setting a 
packer against the well casing and sealing the 
annulus between the production tubing and the well 
casing at a location intermediate the flow circula- 
tion tool and the surface; running a kickover tool on 
a wire line through the production tubing string, the 
production packer bore and the production bore of 
the flow circulation tool and guiding the kickover 
tool for insertion into the receptacle bore of the 
side pocket mandrel; and striking the detonator 
with the kickover tool to cause detonation of a 
perforator gun. 

In accordance with the present invention, the 
perforating gun assembly is equipped with a me- 
chanical impact detonator The perforating gun is 
attached to the lower end of a side pocket mandrel 
with the production bore of the side pocket man- 
drel being coupled to the production tubing. The 
mechanical detonator of the perforation gun is re- 
ceived within the receptacle bore of the side pock- 
et mandrel. The mechanical detonator includes a 
firing pin which is engagable by a kickover tool. 
The kickover tool is run in on a wire line through 
the bore of the production tubing, and is recipro- 
cated to obtain insertion of the kickover tool into 
the side pocket receptacle bore for striking the 
firing pin of the detonator. After detonation, the 
kickover tool is retrieved from the side pocket, and 
is thereafter retrieved to the surface. 

It will be appreciated that the kickover tool and 
mechanical detonator can be operated indepen- 
dently of nitrogen injection or pressurization of any 



kind. Moreover, because the perforating gun is 
attached to the side pocket mandrel, it can be run 
in with the production tubing along with isolation 
packers and other completion tools. Since the kic- 

5 kover tool is supported by a wire line cable, it can 
be retrieved through the production tubing under 
sealed conditions and without requiring the well to 
be pressurized for hydrostatic control purposes. 
That is, by isolating the producing zones with re- 

w trievable packers and by providing that the per- 
forating guns are operable in combination with the 
installed production tubing, well service operations 
can proceed without overbalanced hydrostatic pro- 
tection. 

w In order that the invention may be more fully 

understood, reference is made to the accompany- 
ing drawings, wherein: 

FIGURE 1 is a view, partly in section and partly 
in elevation, showing a typical gas well installa- 

20 tion in which an embodiment of perforating gun 
assembly of the present invention is installed; 
FIGURE 2 is a longitudinal sectional view of a 
side pocket mandrel in which the perforating 
gun of FIGURE 1 is installed; 

25 FIGURE 3 is an elevational view, partly in sec- 
tion and partly broken away, of the side pocket 
mandrel showing the installation of production 
tubing and the perforating gun in the side pock- 
et mandrel of FIGURE 2; 

30 FIGURE 4 is a sectional view thereof taken 
along the line 4-4 of FIGURE 3; 
FIGURE 5 is a sectional view thereof taken 
along the line 5-5 of FIGURE 3; 
FIGURES 6 and 7 are longitudinal sectional 

35 views of the side pocket mandrel showing ac- 
tuation of the perforating gun detonator by a 
kickover tool; 

FIGURE 8 is an elevational view, partly in sec- 
tion, of the sliding side door circulation tool 
40 shown in FIGURE 1; 

FIGURE 9 is an elevational view, partly broken 
away and partly in section, illustrating penetra- 
tion of the well casing, cement lining and sur- 
rounding formation by the shaped charge of a 
45 jet perforator gun. 

In the description which follows, like parts are 
marked with the same reference numerals. The 
drawings are not necessarily to scale and the pro- 
portions of certain parts have been exaggerated to 
50 better illustrate particular details of the present 
invention. 

Referring now to FIGURE 1, hydrocarbon for- 
mations 10, 12 are intersected by a string of well 
casing 14. Suspended within the bore 16 of the 
55 well casing is a production tubing string 18 which 
is supported from a surface facility (not shown). 
The tubular casing string 14 also intersects multiple 
layers of overburden 20, 22 and 24. The bore of 
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the well casing 14 is sealed by a bottom packer 32 
preferably below the lowermost hydrocarbon bear- 
ing formation 12. 

The hydrocarbon bearing formations 10, 12 are 
confined vertically between the overburden layers 
20, 22 and 22, 24, respectively. The overburden 
and underburden layers are typically impervious 
siltstone or other barren rock. For illustrative pur- 
poses, the hydrocarbon formation 10 is assumed to 
be at a depth of 8,500 feet (about 2590m) with a 
gas reservoir pressure of 6,500 psi (44.8 MPa) and 
a reservoir temperature of 140°F (60 °C). The hy- 
drocarbon formation 12 is assumed to be at a 
depth of 12,500 feet (3812m) with a reservoir pres- 
sure of 7,500 psi (51.7 MPa) and a reservoir tem- 
perature of 155°F (68 °C). The overburden layers 
20, 22 and 24 are impervious to the flow of gas. 
Consequently, the producing zone reservoirs 10 
and 12 are naturally isolated with respect to each 
other, and it is therefore necessary to perforate the 
well casing 14 in each producing zone. 

For that purpose, a perforating gun assembly 
26 is run into the bore of the well casing 14 on the 
production tubing string 18 and is suspended at a 
location coincident with the producing formation. 
The well bore within each producing zone is iso- 
lated from the adjacent zone by retrievable produc- 
tion packers 28, 30 and 32. 

The perforating gun assembly 26 is equipped 
with a gun mandrel 34 which includes an array of 
shaped charge jet-type perforating guns 36. Refer- 
ring now to FIGURE 3 and FIGURE 8, the perforat- 
ing gun is equipped with a mechanical detonator 
38 which includes a firing pin 40 which is en- 
gagable by a kickover tool 42, as shown in FIGURE 
7. 

The kickover tool 42 includes a tool body 42A, 
an intermediate arm 42B and a threaded connector 
42C. A spacer sub 42D is jointed in a threaded 
union with the connector 42C. The intermediate 
arm 42B is pivotally connected to the tool body 
42A by a pin 44. Likewise, the lower spacer sub 
42D is pivotally coupled to the intermediate arm 
42B by a hinge pin 46. The tool body 42A is 
attached to a wire line 48 and is suspended from a 
wire line service truck at the surface. The kickover 
tool 42 is reciprocated to obtain insertion of the 
kickover tool into the side pocket receptacle bore 
of a side pocket mandrel 50. The lower spacer sub 
42D has a terminal pin portion 42E which is en- 
gagable with firing pin 40 to produce detonation. 
After detonation, the kickover tool 42 is retrieved 
from the side pocket mandrel, and is thereafter 
retrieved to the surface. 

Referring now to FIGURE 2, the side pocket 
assembly 50 includes an elongate pocket section 
52 which is intersected by a longitudinal production 
bore 54 and by an offset receptacle bore 56 which 



extends alongside the production bore 54. The side 
pocket mandrel assembly also includes an upper 
body section 58 attached to mandrel body 52 by a 
butt weld W. The upper body section 58 has a 

5 main passage 60 formed in alignment with the 
production bore of the side pocket mandrel body, 
and has an offset sidewall 62 forming a belly 
chamber 64 for receiving spacer sub 42C of the 
kickover tool 42. The belly chamber 64 thus pro- 

w vides access to the kickover tool for insertion into 
the receptacle bore 56. Attached to the upper body 
section is a connecting sub 66 which is attached to 
the upper body member 58 by a butt weld W. The 
connecting sub 66 has a bore 68 which is aligned 

75 with the production bore 54 of the side pocket 
mandrel 52. A deflector recess 70 is formed in the 
offset sidewall 62 for guiding the spacer sub 42D 
into striking engagement with the firing pin 40, as 
shown in FIGURE 7. 

20 The lower end of the side pocket mandrel body 

52 is fitted with internal box threads 72, 74. An 
intermediate production tubing string 76 is fitted 
with a threaded pin connector 78 which is received 
in threaded engagement within the threaded box 

25 connector 72. Likewise, the gun mandrel 34 has a 
threaded end portion 80 which is received in 
threaded engagement with the threaded box con- 
nector 74. Thus, the gun mandrel 34 is attached to 
the lower end of the side pocket mandrel body 52 

30 with its detonator 38 being received within the side 
pocket receptacle bore 56. As can best be seen in 
FIGURE 3 and FIGURE 7, the firing pin is received 
within a radially stepped bore 82 which opens into 
the belly chamber 64 According to this arrange- 

35 ment, the firing pin 40 is protected against inadver- 
tent actuation during run in and handling. The 
spacer sub of the kicker tool 42 is kicked over into 
the belly chamber 64 for insertion into the protec- 
tive stepped bore 82 by reciprocation of the wire 

40 line 48 to cause the upper arm section 42B to kick 
over and place the spacer sub 42C into position for 
insertion into the protected firing pin bore 82. 

Referring now to FIGURE 9, upon detonation, 
the shaped charge jet gun 36 produces a high 

45 temperature, high pressure plasma jet 90 which 
penetrates the well casing 14, the protective ce- 
ment layer 92 and the surrounding cement layer 
and formation. It compacts the material, thereby 
producing a sealed cone 94 which blocks the new- 

50 ly formed casing perforation 96. If the shoot is 
conducted in an overbalanced well bore condition, 
then fluids, including mud and debris from the well 
bore, will be forced outwardly into the formation 
perforation tunnel 98 and will immediately plug the 

55 casing perforation 96. 

Accordingly, the shoot is preferably performed 
with the well in an underbalanced pressure con- 
dition relative to the surrounding formation. With a 
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high pressure differential, the pressure surge from 
the surrounding formation will break up the com- 
pacted cone 94 and sweep it back in the well bore 
where it will be flowed to the surface. As the 
compacted cone fragments are swept away, the 
casing perforation 96 is cleaned and cleared for 
maximum inflow. Moreover, any mud and debris 
will also be swept away from the perforation open- 
ing and flowed to the surface. 

After the well casing has been perforated, a 
circulation/production access tool 100 which is con- 
nected within the production tubing string 18 is 
opened to provide flow access into the production 
tubing. The circulation/production access tool 100 
includes circulation ports 102 which can be opened 
and closed by the sidewall of a tubular, slidable 
sleeve 104. Such a circulation/production access 
tool is offered by Otis Engineering Corporation 
under the registered trademark SLIDING SIDE 
DOOR®, and is described in Otis Engineering Cor- 
poration brochure OEC 5441. Should one of the 
production zones start producing water, the pro- 
duction tubing can be isolated with respect to the 
water producing zone by closing the circulation tool 
without effecting production in the remaining pro- 
ducing zones. 

The invention has been described with refer- 
ence to an exemplary embodiment, and in connec- 
tion with a vertical bore gas well. It will be appre- 
ciated that the apparatus of the present invention 
may be used to good advantage in connection with 
slant as well as horizontal well completions. Various 
modifications of the disclosed embodiments as well 
as alternative well completion applications of the 
invention will be suggested to persons skilled in the 
art by the foregoing specification and illustrations. 

Claims 

1. Apparatus for perforating a well casing using a 
production tubing string suspended in the well, 
the apparatus comprising an elongate tubular 
body (50) having a side pocket mandrel (52) 
adapted for attachment to the production tub- 
ing string, said body having a production bore 
(54) adapted for alignment with the bore of the 
production tubing string and having an offset, 
internal receptacle bore (56) for receiving a 
perforator gun detonator (38); and a perforator 
tool (26) including a gun mandrel (34) attached 
to the lower end of said side pocket mandrel 
and having a detonator (38) disposed within 
the offset receptacle bore (56), said detonator 
being adapted for actuation in response to 
striking engagement by a kickover tool (42) 
inserted into said offset receptacle. 



2. Apparatus according to claim 1, wherein the 
longitudinal production bore (54) extends 
alongside the offset receptacle bore (56), and 
wherein the elongate tubular body (50) com- 

5 prises an upper body section (58) attached to 

the upper end of said mandrel body (52), said 
upper body section having a main passage 
(60) formed therethrough in alignment with the 
production bore and having an offset sidewall 

w (62) forming a belly chamber (64) for receiving 

the kickover tool (42), said belly chamber (64) 
providing kickover tool access to the recepta- 
cle bore (56), said upper body section (58) 
having means for connecting its upper end to a 

w tubing string, and the side pocket mandrel 

having means for connecting its lower end to a 
tubing string. 

3. Apparatus for completing a well of the type 
20 having a tubular well casing (14) extending 

through an earth formation, the apparatus com- 
prising a product ion tubing string (18) adapted 
for insertion through the bore of the well cas- 
ing; a flow circulation tool (100) having a pro- 

25 duction bore connected in alignment with the 

bore of the production tubing string; a side 
pocket mandrel (50) having a mandrel body 
connected to the production tubing string, said 
side pocket mandrel body including a longitu- 

30 dinal production bore (54) disposed in align- 

ment with the bore of the production tubing 
string, and by a receptacle bore (56) extending 
alongside the production bore, said side pock- 
et mandrel body having an offset sidewall (62) 

35 forming a belly chamber (64) above the recep- 

tacle bore for receiving a kickover tool (42) and 
guiding the kickover tool for insertion into the 
receptacle bore; a perforator tool (26) including 
a gun mandrel (34) attached to the lower end 

40 of the side pocket mandrel body and having 

detonator means (38) disposed within the side 
pocket receptacle bore, said detonator means 
being adapted for actuation in response to 
striking engagement by a kickover tool; and a 

45 packer (28, 30, 32) having a production bore 

connected in alignment with the bore of the 
production tubing string, said packer being 
adapted for sealing the annulus between the 
production tubing (18) and the well casing (14) 

50 at a location intermediate the flow circulation 

tool (100) and the surface. 

4. A method of perforating a well casing (14) in a 
well using a production tubing string (18) hav- 

55 ing a longitudinal flow passage extending 

therethrough, which method comprises includ- 
ing a side pocket mandrel (50) of the type 
having a longitudinal production bore (54) and 
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receptacle bore (56) offset to the production 
tubing string, with the production bore of the 
side pocket mandrel, being aligned with the 
bore of the production tubing string; suspend- 
ing a perforator tool (26) of the type including 5 
a gun mandrel (34) and detonator (38) from the 
lower end of the side pocket mandrel, with the 
detonator being disposed within the offset re- 
ceptacle bore; and running a kickover tool (42) 
through the production tubing and guiding it for w 
insertion into the offset receptacle bore (56); 
and striking the detonator with the kickover 
tool. 

5. A method of completing a well of the type w 
having a tubular well casing (14) extending 
from the surface to a subsurface producing 
formation, comprising the steps of running a 
production tubing string (18) within the bore 

(16) of the well casing (14); the tubing string 20 
including a flow circulation tool (100) in align- 
ment with the bore of the production tubing 
string (18), and a side pocket mandrel (52) 
having a longitudinal production bore (54) 
thereof aligned with the bore of the production 25 
tubing; the production tubing also including a 
gun mandrel (34) of a perforator tool (26) at- 
tached to the lower end of the side pocket 
mandrel with a detonator (38) being received 
within the side pocket receptacle bore (56); 30 
setting a packer (28, 30, 32) against the well 
casing and sealing the annulus between the 
production tubing and the well casing at a 
location intermediate the flow circulation tool 
(100) and the surface; running a kickover tool 35 
(42) on a wire line (48) through the production 
tubing string, the production packer bore and 
the production bore of the flow circulation tool 
and guiding the kickover tool for insertion into 
the receptacle bore (56) of the side pocket 40 
mandrel; and striking the detonator (38) with 
the kickover tool (42) to cause detonation of a 
perforator gun. 

6. A method according to claim 5, wherein the 45 
detonation step is carried out while the well 
bore is in an underbalanced pressure condition 
relative to the surrounding earth formation. 

7. A method of perforating a well casing wherein 50 
there is used an apparatus as claimed in claim 

1 or 2. 
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